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ROTATIONAL DEFORMITIES AFTER FEMORAL SHAFT 
FRACTURES IN CHILDHOOD 
A Retrospective Study 27-32 Years after the Accident 
K.  J .  BROUWER, J. C. MOLENAAR & B. VAN LINGE 
Department of Paediatric Surgery and Department of Paediatric Orthopaedics, Sophia Children’s Hospital and 
Neonatal Unit, University Hospital Rotterdam, The Netherlands. 
Fifty femoral shaft fractures sustained in childhood and for the most part treated 
conservatively were studied in retrospect 27-32 years after the accident, with spe- 
cial reference to rotational deformity. Femoral rotation was measured by means of 
so-called anteversion X-rays according to Dunn-Rippstein, and the same radiologi- 
cal examination was carried out in a control group of 100 adult volunteers. The L/R 
differences in femoral rotation were studied in the patient group in comparison with 
the control group. 
Persistent rotational dislocation was found in only one case, and had had no de- 
monstrable untoward consequences. 
The established view that rotational dislocation is incapable of spontaneous correc- 
tion is refuted with the aid of clinical and experimental data from the literature and 
personal observations. 
It is concluded that, in the patients studied, good results have been obtained by the 
conventional traction methods of Bryant and Russel. The use of the so-called 
“Weber Bock” to replace these methods is therefore not recommended. 
Key words: children; femur; fracture; rotational dislocation 
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Treatment by means of a simple adhesive plaster 
traction bandage is pleasant for a child with a 
femoral shaft fracture and convenient for the 
surgeon in charge. An angle in the femoral axis 
can be readily corrected, and there are few com- 
plications. The influence of traction on the rela- 
tive rotation of the fracture fragments, however, 
is less unequivocal. It is a fair assumption that 
longitudinal traction should have a corrective ef- 
fect on it. On the other hand it is often assumed 
that, during traction, the rotator muscles of the 
hip exert torsion on the proximal fracture frag- 
ment which, in fact, promotes rotational disloca- 
tion. 
The diagnosis of rotational dislocation during 
treatment with a plaster traction bandage de- 
pends on unreliable clinical and radiological data. 
0001-6470/81/010081-09 $02.50/0 
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For the diagnosis and correction of rotational 
deformities during treatment of femoral shaft 
fractures, Weber designed a traction table (the 
so-called “Weber Bock”) in 1961. Comparative 
radiological examination during treatment on this 
table can disclose rotational deformity, which can 
then be corrected without undue difficulty (Saxer 
1974, 1978, Schoppmeier 1977, Weber 1963, 
1969). 
In view of the fact that normal persons show 
significant differences in rotation between left 
and right, the question arises whether exact cor- 
rection of rotational deformities is really neces- 
sary. What are the long-term results in a group of 
adults who, as children, were treated for femoral 
shaft fracture by means of an adhesive plaster 
traction bandage? Can a rotational deformity be 
0 1981 Munksgaard, Copenhagen 
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82 K .  J .  BROUWER ET AL 
expected to show spontaneous correction after 
consolidation of the fracture? 
It is useful to find the answers to these ques- 
tions because Weber’s method can cause fairly 
serious complications such as peripheral is- 
chaemia, peroneal nerve lesion and osteomyelitis 
arising from the nail channel. The last-mentioned 
complication developed in 6 out of 149 patients 
treated by Weber (Saxer 1978). 
PATIENTS AND METHODS 
In an effort to collect data on the long-term conse- 
quences of rotational dislocation after femoral shaft 
fracture in childhood, a retrospective study was started 
late in 1976. The subjects were patients who, during the 
period 1945 through 1949, had been treated for 
femoral shaft fracture at Sophia Children’s Hospital, 
Rotterdam (Figure 1 and Table 1). 
Of the total of 64 patients, 50 (38 men and 12 wo- 
men) could be examined. Treatment had been conser- 
vative in 46 and operative in 4 cases. Conservative 
treatment had been Bryant’s traction for patients under 
4 years old at the time, and Russel’s traction for those 
over 4 years old. 
- a review of old case records and X-rays; 
- orthopaedic examination of the back, pelvic region 
and lower limbs; 
- roentgenography: anteroposterior and lateral X-rays 
of the femur, anteroposterior X-rays of the knees, 
and X-rays of the pelvic region according to Dunn- 
Ripstein, with the aid of which femoral shaft rotation 
can be measured with sufficient accuracy (Dunlap & 
Shands 1953, Dunn 1952, Gross & Haike 1970, 
Rippstein 1955, Ryder & Crane 1593, Konig 1977, 
Konig & Schult 1974). 
In addition, a control group of 50 male and 50 female 
“normal volunteers” aged 20-50 was formed and sub- 
mitted to the same radiological examination according 
to Dunn-Rippstein. 
The study comprised the following activities: 
RESULTS 
Controls 
Apart from the range of the angles of antever- 
sion, it is in particular the individual L/R differ- 
ences in the control group that are of essential 
importance in this retrospective study. The prin- 
cipal relevant data are presented in the next two 
figures (Figures 2 and 3). 
N 
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Figure I .  Age and sex distribution in the group of 64 
ex-patients with a femoral shaft fracture in childhood, 50 
of whom were included in the retrospective study 27-32 
years after the accident (38 men and I 2  women). 
Table I .  Survey of the 14 patients (out of a total of 64) 
who were lost to or excluded from the retrospective study 
Emigrated 
Refused 
Deceased 
Untraceable 
Osteogenesis imperfecta 
Severe mental, neurological and 
motor disorders 
~ 
5 
4 
2 
1 
1 
1 
Total 14 
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Figure 2. Distribution of the anteversion angles of I00 
pairs of femurs, measured in a control group of 50 men 
and 50 women (aged 20-50 years) without anomalies of 
the pelvic region andlor lower limbs (further details in 
the text). 
The critical values according to Miiller (-5" and 
+30", Miiller 1971) were exceeded in 14 in- 
stances. The men showed a range of 40" (from 
-9" to +31"), and the range in women was 47" 
(from -9" to +38"). The mean angle of antever- 
sion in the women exceeded that in the men 
(12.2" versus 9.6'). The mean angle of antever- 
sion in the entire control group was 10.9". 
The individual differences per pair of femurs 
exceeded expectations (Best et al. 1971, Von- 
tobel et al. 1961, Weber 1963): mean 5" (range 
from 0" through 15"). The difference exceeded 
10' in 10 per cent of the entire group. 
Patients 
Subjective complaints, difference in leg length and 
persistent dislocation: Interviews revealed that 42 
of the 50 patients were free from local com- 
plaints. None of the remaining 8 patients with 
local complaints was significantly hampered in 
day-to-day activities as a result of these com- 
plaints. 
The clinical leg length was compared with the 
contralateral value and then related to the post- 
consolidation longitudinal dislocation revealed by 
1 90 
1 ? 4  
1 a 10 12 14 I6 
degrees 
Figure 3. Distribution of the differences in rotation, 
measured per pair of femurs, in the control group of 50 
men and 50 women (aged 2&50 years) without 
anomalies of the pelvic region andlor lower limbs 
(further details in the text). 
Table 2. Varus and valgus dislocation in 50 femoral shaft fractures sustained in childhood, measured following 
fracture consolidation and again at the follow-up after 27-32 years. The degree of spontaneous correction is deduced 
from these two series of measurements 
n After consolidation At follow-~p Spontaneous correction 
range average range average range average 
Varus 5 5"-10" 7.4" 0"- 8" 4.6" O " 4 "  2.8" 
Valgus 17 5"-14" 9.4" 0°-11" 4.2" 1O-8" 5.2" 
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the old X-rays. Fracture consolidation was found 
to have shortened the leg by an average of 3 mm 
(range from 0 through 15 mm). The difference in 
clinical leg length at follow-up ranged from -15 
through +25 mm, with an average of +8 mm. 
The difference in longitudinal growth as com- 
pared with the contralateral leg, calculated from 
these data, ranged from -15 through +35 mm, 
with an average of + 11 mm. 
With regard to post-consolidation angles, we 
confined ourselves to deformities of 5" or more. 
The relevant data are presented in Table 2 .  
Spontaneous correction of antecurvation and 
recurvation takes place within the process of 
physiologicd femoral curvation, ranging from 0" 
to 10". This is why the degree of spontaneous 
correction cannot be measured exactly. Persistent 
dislocation in the sagittal plane was assumed to 
exist when the total curvature of the femur ex- 
ceeded the range of physiological curvation. Post- 
consolidation antecurvation was measured on the 
old X-rays in 13 instances and ranged from 6" 
through 19". The follow-up revealed slightly in- 
creased femoral curvation (ranging from 11" 
Y V V  
/A h 5 
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Figure 4 .  Distribution of the anteversion angles meas- 
ured in 50 patients treated for femoral shaft fracture 
2 7-32 years previously. Fracture side and unaffected 
side are depicted side by side for comparison. 
Table 3 .  Distribution of the angles of anteversion meas- 
ured in 50 patients treated for femoral shaji fracture in 
childhood, 2 7-32 years previously. 
Angles of anteversion Range Average 
All femurs -6" to +33" +12.5" 
Fractured side - 6 O  to +33" +12.1" 
Unaffected side -1" to +31" +12.9" 
L/R difference 0" to +26" 5.8" 
through 15') in 7 of these cases. Post-consolida- 
tion recurvation was observed on the old X-rays 
in 4 instances, whereas the follow-up showed a 
normal femoral curvature in 3 cases and increased 
antecurvation (15") in one case. 
Post-consolidation lateral dislocation was pre- 
sent in no fewer than 54 instances (in one or two 
of the four directions), but at follow-up always 
proved to have been completely corrected. 
Rotational dislocation was diagnosed by 
measuring the angles of anteversion on the frac- 
ture side and on the unaffected side and compar- 
ing them by the radiological method of Dunn- 
Rippstein. The angles thus measured are pre- 
sented in Figure 4 and Table 3. The critical values 
according to Miiller were exceeded in six cases 
(but this involved the unaffected side in two). The 
measured differences in rotation between frac- 
ture side and unaffected side are presented in 
Figure 5.  
The differences ranged from 0" through 26", 
and exceeded 10" in six cases. In onfy one in- 
stance did the difference exceed 14" (+26"). The 
average difference was 5.8". The angle of an- 
teversion on the fracture side was smaller than 
that on the unaffected side in 5 ,  and larger in the 
other 5 ,  out of 10 pairs of femurs with a differ- 
ence in rotation of 10" or more. 
The small group of patients treated by 
operation showed no deviation from this pattern, 
the differences in rotation being 2", 3", 5" and 14", 
respectively. No marked differences between 
transverse and oblique or spiral fractures are 
found when the differences in rotation are plotted 
against the various fracture types (Figure 6). 
The literature indicates that severe rotational 
dislocation is to be expected in particular after 
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Figure 5.  Distribution of the differences in rotation, 
measured per pair of femurs, in 50 patients treated for 
femoral shaft fracture 2 7-32 years previously. 
proximal, so-called subtrochanteric fractures 
(Hildebrandt 1965, Tjong 1974). Fractures of 
this type were present in only two cases in our 
series, in which the differences in rotation were 2" 
and 6", respectively. 
Efforts were also made to establish a possible 
correlation between the difference in rotation 
measured and the patient's age at the time of the 
accident. The difference in rotation averaged 6.4" 
in the youngest age group (0 through 4 years, n = 
25) ,  5.7" in the intermediate age group (5 
through 9 years, n = 17) and 5.6" in the oldest 
group (10 years and over, n = 8). 
Our findings afford no reliable explanation of 
the cause of the above-mentioned subjective 
complaints in 8 of the 50 patients. There was no 
persistent axis dislocation or rotational disloca- 
tion. However, 6 of the 8 patients showed a leg 
length difference of more than 1 cm (1.5 through 
2 cm). Such a difference was measured in a total 
of 18 of the 50 patients. The leg length difference 
may therefore be a factor of significance in the 
aetiology of the subjective complaints. 
An evaluation of the X-rays revealed that none 
of the patients with a difference in rotation ex- 
ceeding 10" showed signs of premature arthrosis. 
The findings obtained can be summarized as 
follows: 
- a significant difference in rotation was found in 
only one of the 50 patients examined; 
- no correlation was found between local com- 
plaints and differences of rotation actually 
measured; 
- there were no signs of premature arthrosis 
based on persistent rotational dislocation; 
- the control group showed individual L/R dif- 
ferences in rotation ranging from 0" through 
15", and angles of anteversion ranging from 
-9" through +38" (average 10.9"). 
1 
h h 4 
VI 0 
degrees 
obl ique/spiral 
h 
v, 
4 
0 transverse 
Figure 6. Comparison of the differences in rotation, 
measured per pair of femurs, related to fracture type 
(transverse fracture versus oblique or spiral fracture) in 
SO patients treated for femoral shaft fracture 27-32 years 
previously. 
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86 K .  J. BROUWER El' AL. 
femoral shaft fractures in childhood (Figures 7 
and 8). It is evident that the two series hardly 
differ. In only one case in our series does per- 
sistent rotational dislocation seem plausible 
(difference in rotation: +26"). 
Other findings which merit special mention 
are those reported by Tjong (1974) in a group 
of 14 femoral shaft fractures specified as 
"greenstick or incomplete". Rotational dislo- 
cation can be regarded as unlikely after such 
fractures. Yet in four cases the difference in 
rotation exceeded 10" (15' in two and 17" in 
the other two). 
That rotational dislocation is incapable of 
spontaneous correction (Blount 1955, Ehalt 
1961, Miiller 1971, Rehn 1974, Weber 1963) 
has never been demonstrated with certainty. It 
is a generally accepted fact that, during the 
growth period, the physiological de-rotation 
process is markedly influenced by mechanical 
factors from birth on; many clinical obser- 
vations confirm this (Axer et al. 1972, Baker 
et al. 1962, Beak 1969, Fabry et al. 1973, 
Glauber & Vizkelety 1966). It seems logical 
that the same mechanical factors also exert 
their influence on a femur with rotational dis- 
location, the de-rotation process being en- 
hanced in the case of increased anteversion 
DISCUSSION 
High incidences of rotational dislocation after 
femoral shaft fractures in childhood have been 
frequently reported since 1961 (Best et al. 1971, 
Engels et al. 1977, Herzog et al. 1976, Hupfauer 
& Balau 1971, Klapp et al. 1974, Parvinen et al. 
1973, Piroth & Bliesener 1977, Tjong 1974, 
Verbeek & Bender 1976, Vontobel et al. 1961, 
Yano & Sawada 1975). The criterion for disloca- 
tion used in these reports is a difference in rota- 
tion between facture side and unaffected side of 
10" or more (Table 4). 
However, the great significance which has. been 
attached to these findings can be disputed on the 
following grounds: 
1 .  The criterion f o r  rotational dislocation - a dif- 
ference of 10" or more from the contralateral 
femur - is a random choice. Our control group 
shows that the physiological difference in ro- 
tation ranges from 0" through 15". The differ- 
ence was 10" in four instances and exceeded 
10" in six. Among the publications on this 
physiological difference in rotation (Cyvin 
1977, De Jong 1968, Lofgren 1956, Wert- 
heimer & Martin 1963), De Jong's study 
merits special mention in comparison with our 
findings on differences in rotation after 
2. 
Table 4. Survey of the literature on rotational dislocation after femoral shaft fracture in childhood. Rotation meas- 
urements were always made by the radiological technique according to Dunn- Rippstein (cf. text). The investigalors 
accepted as criterion for rotational dislocation a difference in rotation of lo" or more between fracture side and 
unaffected side. The cases with such a difference of 10" or more are categorized in the columns ">lO"", "215"" and 
"220"". 
Author n Fol- TREATMENT 
low-up conservative operative incompletely specified 
in n >lo" >15" >20" n >lo" >15" >20" n >lo" >15" >20" 
years 
Vontobel 1961 52 1-20 52 13 5 2 
Hupfauer 1971 53 2-12 53 11 7 5 
Best 1972 48 2- 7 48 20 15 5 
Parvinen 1973 52 4-14 33 7 3 1 
Tjong 1974 82 1-20 66 19 6 0 19 4 2 0 
Klapp 1974 23 2-14 23 6 1 1 
Yano 1975 31 i- 6 31 18 11 4 
Herzog 1976 26 8-15 2 6 5  1 1  
Verbeek 1976 62 1- 6 62 23 ? 11 
Engels 1977 73 2-11 73 8 ? 2 
Piroth 1977 44 2-14 44 7 2 1 
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Figure 7.  By courtesy of De Jong ( I  968, c t  References): 
Distribution of the differences in rotation, measured per 
pair of femurs, in a group of I00 normalpairs of femurs. 
Average difference: 5.0". Difference exceeding lo" in 12 
per cent. 
and diminished or arrested in the case of de- 
creased anteversion. Animal experiments, 
too, have clearly demonstrated the influence 
of mechanical factors on femoral rotation 
(Appleton 1934, Arkin & Katz 1956, Bern- 
beck 1949, Le Damany 1903, Schneider 
1963). Perhaps this explains why the high in- 
cidences of major differences in rotation are 
mainly reported in the published series with 
the briefest follow-ups (cf. Table 4). On the 
other hand, our own findings - few major dif- 
ferences in rotation after a very long follow-up 
period - are likewise consistent with this ex- 
planation. 
However, only repeated anteversion meas- 
urements in the course of the years after the 
accident can really prove that spontaneous 
correction of rotational dislocation is possible. 
Von Laer (1978) performed such measure- 
ments and did in fact demonstrate that major 
differences diminished gradually and were 
integrated in the physiological de-rotation 
process of the growing femur. Von Laer's 
series was too small to provide more detailed 
data, e.g. on the degree of spontaneous cor- 
I 
0 1 4  
M 
->lo- 
6 8 10 1'2 14 26 
degrees 
Figure 8. Personal observations: Distribution of differ- 
ences in rotation, measured per pair of femurs, in the 
group of 50  patients with a unilateral femoral shaft frac- 
ture sustained 27-32 years previously. Average differ- 
ence: 5.8". Difference exceeding 10" in 12 per cent. 
Only one patient (difference in rotation 26") exceeds the 
limits of the range in De Jong's series (cf. Figure 7). 
rection and the influence on it of the patient's 
age at the time of the accident. 
3. That persistent rotational dislocation leads to 
premature arthrosis of adjacent joints is an un- 
verified hypothesis based exclusively on 
biomechanical considerations (Debrunner 
1967, Muller 1971, Nicod 1967, Weber 
1961). About the demonstrable consequences 
of rotational dislocation in our retrospective 
study we can be brief: the only patient in our 
series who showed a significant difference in 
rotation between fracture and unaffected side 
- a now 35-year-old mason-plasterer - is en- 
tirely free from symptoms. Physical and 
radiological examinations have failed to reveal 
any untoward consequence of the persistent 
rotational dislocation, apart from the differ- 
ence in rotation and some endorotation of the 
leg in standing and walking. The remaining 
five patients with a difference in rotation ex- 
ceeding 10" (cf. Figure 5) likewise show no 
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88 K. J.  BROUWER ET AL. 
demonstrable untoward consequences of a 
possible rotational dislocation. 
CONCLUSIONS 
The hitherto accepted criterion for rotational 
dislocation - 10” or more difference in rota- 
tion between fracture side and unaffected side 
- is inconclusive. 
There are sound reasons to assume that 
spontaneous correction of rotational disloca- 
tion after femoral shaft fracture in childhood 
does occur. 
So far, no clinical evidence has been published 
to support the hypothesis that persistent rota- 
tional dislocation leads to premature arthrosis 
of adjacent joints. 
In view of the good results of conventional 
methods of conservative therapy found in our 
retrospective study, we maintain that it is un- 
necessary, or even undesirable, to abandon 
these methods in favour of the use of Weber’s 
traction table (“Weber Bock”). 
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